Introduction
============

Nasopharyngeal carcinoma (NPC) is distinct from other head and neck carcinomas; it has a specific geographical distribution, is associated with the Epstein-Barr virus (EBV), and has an aggressive natural locoregional history with a high risk of distant metastases [@B1]. Radiotherapy is the cornerstone of initial treatment due to the radiosensitive behavior of NPC and its deep-seated location. Over 70% of newly diagnosed NPC cases are classified as locoregionally advanced disease [@B2]. Concurrent chemoradiotherapy (CRT) is the standard treatment for locoregionally advanced nasopharyngeal carcinoma. With the combined use of magnetic resonance imaging (MRI), intensity-modulated radiotherapy (IMRT), and CRT, locoregional control has substantially improved in NPC, and distant metastasis is now the main source of treatment failure [@B3], [@B4]. Additional cycles of chemotherapy, such as the addition of adjuvant chemotherapy (AC) or induction chemotherapy (IC) to CRT, might improve control in patients at high risk of distant metastasis. Meta-Analysis of Chemotherapy in Nasopharynx Carcinoma (MAC-NPC) showed that the addition of concomitant chemotherapy to radiotherapy significantly improved survival in patients with locoregionally advanced NPC [@B5]. Network Meta-Analysis of Chemotherapy in Nasopharynx Carcinoma (NMA-NPC) showed that the addition of AC to CRT achieved the highest survival benefit, and the addition of IC to CRT achieved the highest effect on distant control [@B6]. Despite the strengths of these meta-analyses due to their large sample size and use of individual patient data, the major limitation of these studies was the use of outdated radiotherapy (two-dimensional radiotherapy (2D-RT), three-dimensional radiotherapy (3D-RT)), which limited the direct application of these conclusions to daily clinical work in the IMRT era. Since those publications, additional trials have been performed, including some recent trials conducted in the IMRT era, allowing us to update the meta-analysis. The two main objectives of this study were to evaluate the relative effectiveness of different chemoradiotherapy regimens in the IMRT era and to investigate the difference in the survival benefit of chemoradiotherapy regimens between 2D/3D RT and IMRT.

Methods
=======

Selection criteria and search strategy
--------------------------------------

Trials had to compare radiotherapy alone with radiotherapy plus chemotherapy or to compare a treatment strategy with one chemotherapy timing with the same treatment strategy plus chemotherapy at another timing. They had to be randomized and had to include patients with untreated non-metastatic nasopharyngeal carcinoma. Trials were eligible if at least 60 patients had been included (30 patients per group for trials with more than two groups) [@B5] and if all patients had undergone potentially curative locoregional treatment.

Both published and unpublished trials meeting these criteria were eligible. We searched for trials in publication databases, trial registries, and meeting proceedings (Appendix S1). Additionally, we manually searched the reference lists of primary studies and review papers to identify other relevant studies.

Data extraction
---------------

Data extraction was performed by two reviewers (Rui You and You Ping Liu) independently. The data were quality controlled by two specialists in NPC (Pei-Yu Huang and Ming-Yuan Chen) and two medical statisticians (Ying-Shu Cao and Chong-Yang Duan). The following study characteristics were recorded for each trial: 1) study and patient characteristics including age, sex, stage, histology, and inclusion/exclusion criteria; 2) number of patients in each arm, regimens compared, and treatment protocol; 3) reported hazard ratio (HR) for individual trial compared with the corresponding horizontal line showing the 95% confidence interval (95% CI) including overall survival (OS), progression-free survival (PFS), distant metastasis-free survival (DMFS), loco-regional relapse-free survival (LRRFS), and preferably unadjusted HR values; Additionally, 1) for studies with multiple publications, we extracted data from the report with the longest follow up; 2) for studies included in the MAC-NPC[@B5], whose results were not updated recently, the observed-expected (O-E) and variance in each study reported in the MAC-NPC were recorded rather than the HR or other outcomes reported in the original studies; 3) for studies with individual patient data, information was updated, especially for survival outcome. Each trial was reanalyzed, and the analyses were sent to the trialists for validation (Table [S1](#SM0){ref-type="supplementary-material"}).

End point definitions
---------------------

The primary endpoint was OS, defined as the time from randomization until death from any cause. The secondary endpoints were PFS, DMFS, and LRRFS. PFS was defined as the time from randomization to first progression (loco-regional or distant) or death from any cause. DMFS and LRRFS were defined as the time from randomization to the occurrence of a distant or locoregional failure, respectively. If both locoregional failure and distant failure occurred at the same time, patients were considered as having an event for distant failure only.

Quality control
---------------

Two authors (Rui You and You Ping Liu) scored each included study using the modified Jadad system [@B7] that assesses randomization (0, 1, or 2), double-blinding (0, 1, or 2), recording of dropouts and/or withdrawals (0 or 1), and allocation concealment (0, 1, or 2) with a score of ≥4 indicative of high quality.

Statistical analysis
--------------------

Three different analyses were performed: 1) comparison of effectiveness in seven treatments when not distinguishing between 2D/3D RT and IMRT; 2) relative effectiveness of CRT, IC-CRT, and CRT-AC in the IMRT era; and 3) comparison of effectiveness in ten treatments after distinguishing between 2D/3D RT and IMRT.

Two types of meta-analyses were conducted. First, standard pairwise comparisons were built with R package meta [@B8]. Both fixed and random effect models were reported. In all the comparisons, we used fixed effect models if the heterogeneity across trials was not significant (a P value \> 0.10 in*Q* test and an I^2^ \< 50 % in I^2^ metric); otherwise, we explored the heterogeneity, and the random effect models were used. Second, mixed network comparisons were built using Bayesian modeling[@B9] with WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, UK) and frequentist approach with the R package netmeta [@B10], [@B11], which allows for the combination of direct and indirect evidence into a combined overall point estimate. Because of easier computation and programming, the final main analysis was performed using a frequentist approach, and the Bayesian analysis was used as sensitive analysis. Within the frequentist framework, The Q statistic proposed by Rücker [@B10] and I^2^, which represents the proportion of total variation in study estimates that is due to heterogeneity, were used to quantify the heterogeneity [@B6]. A fixed-effects model was used first and, in case of significant heterogeneity (P \< 0.1), the random-effects model was used instead. The treatments were ranked using the P-score, which was considered 100% when a treatment was certain to be the best and 0% when a treatment was certain to be the worst [@B12]. Within the Bayesian framework, treatment effects were estimated by posterior means with corresponding 95% credible intervals (CrIs), which are the Bayesian analog of the 95 % confidence intervals (CIs) [@B13]. Both fixed and random effect models were applied with non-informative uniform and normal prior distributions, yielding 200,000 iterations with a burn-in number of 100,000 iterations and a thin interval of 50 to obtain the posterior distributions of the model parameters [@B14]. The deviance information criterion (DIC) statistics were used to compare the two models: the effect model with relatively lower DIC value indicated lower heterogeneity across trials and a simpler model, and the corresponding results were chosen for summary estimation [@B15]. Convergence of iterations was evaluated according to Gelman-Rubin-Brooks statistic [@B16]. The probability of each treatment in the ranking was evaluated based on its posterior probabilities, which depended on counting the proportion of iterations in the Markov chain of HR ranking in the treatments.

Results from network meta-analysis were compared with standard pairwise meta-analysis to evaluate whether there was inconsistency. The node-splitting analysis was also applied to evaluate inconsistency for closed loops in the network [@B17]-[@B19]. Significant inconsistency was indicated if node-splitting analysis derived P \< 0.05 of disagreement between direct and indirect evidence.

Publication bias could not be formally evaluated because of the small number of studies included in each direct comparison. Although the potential for this bias was real given the small number of studies and the for-profit interest, we judged that this concern was not likely to decrease certainty in the evidence.

Results
=======

Quality Assessment of Included Studies
--------------------------------------

26 published studies were included. Study design and quality assessment are shown in Table [S2](#SM0){ref-type="supplementary-material"}. Due to the characteristics of research studies, double blinding was not used. In the majority of studies, patients were randomized according to a computer-generated number or randomization table, except for these studies (INT-0099, QMH-95, NPC-9902, Guangzhou2001, Guangzhou-93, Taiwan-93, Italy-79), which, though randomized, did not describe the method of random assignment. Regarding allocation concealment, 12 trials used sealed envelope as randomization method (PWH88, PWHQEH-94, QMH-95, NPC-9901, NPC-9902, Guangzhou2001, Guangzhou2002-02, Guangzhou2002-01, Guangzhou 2003, Guangzhou 2006, NPC-0501, Guangzhou 2011, Guangzhou 2008) and nine trials used a central randomization (AOCOA, VUMCA-89, INT-0099, Japan-91, TCOG-94, SQNP01, NPC008, HeCOG, Italy-79). The number and/or reason of drop-outs or withdrawals were described clearly in all studies except for two trials (Shanghai 2004, Taiwan-93).

Comparison of Effectiveness in Seven Treatments When Not Distinguishing Between 2D/3D RT and IMRT
-------------------------------------------------------------------------------------------------

The network consisted of 27 trials and 7,940 patients: 20 trials (including one unpublished trial, VUMCA-95) [@B20]-[@B39] were included in the MAC-NPC meta-analysis (5,144 patients, described in Blanchard et al. [@B5], [@B6]) and seven were newly added trials [@B40]-[@B46] including recent trials. There were seven different treatments that were not distinguished according to the radiotherapy technology (2D/3D RT or IMRT): RT alone, which was used as the reference category, IC followed by RT (IC-RT), RT followed by AC (RT-AC), IC followed by RT followed by AC (IC-RT-AC), CRT, IC followed by CRT (IC-CRT), and CRT followed by AC (CRT-AC). The network is represented in Figure [1](#F1){ref-type="fig"}.

The three treatments that had the highest effect on OS were IC-CRT, CRT-AC, and CRT with P-scores of 97.3%, 72.9%, and 69.2%, respectively, where a higher score meant a higher probability of being the best treatment (Table [1](#T1){ref-type="table"}). The results are presented using a random-effects NMA because of the presence of heterogeneity (Q test P = 0.050). The HRs (95% CIs) based on the NMA for each pairwise comparison are presented in Table [S3](#SM0){ref-type="supplementary-material"}. The HRs (95% CIs) of IC-CRT compared with those of CRT or CRT-AC showed no significant differences with values of 0.83 (0.66, 1.03) and 0.84 (0.66, 1.07), respectively. No heterogeneity was detected for PFS (Q test P = 0.347). The three best treatments for PFS were IC-CRT, CRT-AC, and IC-RT with P-scores of 99.4%, 76.8%, and 55.7%, respectively. The HRs (95% CIs) of IC-CRT compared with those of CRT or CRT-AC were 0.75 (0.65 to 0.88) and 0.84 (0.71 to 0.99), respectively. Regarding distant control, the results were presented using a fixed-effects NMA (Q test P = 0.110). IC-CRT was ranked first followed by CRT-AC, and IC-RT with P-scores of 97.7%, 77.9%, and 69.1%, respectively. The three best treatments for locoregional control were IC-RT-AC, CRT-AC, and IC-CRT with P-scores of 81.1%, 79.4%, and 63.4%, respectively (Table [1](#T1){ref-type="table"}).

Sensitivity analysis was then planned regarding the existence of inconsistency in OS and DMFS (as detailed in Sensitivity Analysis below).

Relative Effectiveness of CRT, IC-CRT, CRT-AC in the IMRT Era
-------------------------------------------------------------

The network consisted of six comparisons in IMRT for OS and PFS from five trials [@B36], [@B38], [@B41], [@B44]-[@B46] including 1,778 patients. There were three different treatments: CRT, IC-CRT, and CRT-AC. The network is represented in the red circle in Figure [2](#F2){ref-type="fig"}.

IC-CRT was ranked first, followed by CRT and CRT-AC for OS with P-scores of 99.7%, 32.5%, and 17.8%, respectively. There was no significant heterogeneity (Q test P = 0.360). The HRs (95% CIs) of IC-CRT compared with CRT or CRT-AC showed significant differences with values of 0.65 (0.47, 0.91) and 0.61 (0.45, 0.82), respectively. The best treatment for PFS was IC-CRT followed by CRT-AC and CRT with P-scores of 99.9%, 36.5%, and 13.6%, respectively. No heterogeneity (Q test P = 0.342) was detected for this end point. The HRs (95% CIs) of IC-CRT compared with CRT-AC or CRT were 0.69 (0.54 to 0.88) and 0.63 (0.49 to 0.80), respectively. Regarding distant control, the best treatments were IC-CRT, CRT, and CRT-AC with P-scores of 96.2%, 26.9%, and 26.9%, respectively. The best treatments for locoregional control were CRT-AC, IC-CRT, and CRT with P-scores of 82.1%, 63.4%, and 4.5%, respectively (Table [2](#T2){ref-type="table"}).

Furthermore, we conducted the comparison among CRT, IC-CRT, and CRT-AC according to the node and tumor stage. In the N2-3 stage, IC-CRT was the most effective regimen for OS with a P-score of 93.3%; CRT and CRT-AC, with respective P-scores of 50.3% and 6.5%, ranked second and third. The HR (95% CI) of IC-CRT compared with CRT-AC was 0.44 (0.18, 1.07). In the N0-1 stage, IC-CRT also ranked first for OS with a P-score of 80.0%; CRT-AC and CRT with respective P-scores of 68.0% and 2.0%, ranked second and third. The HR (95% CI) of IC-CRT compared with CRT-AC was 0.81 (0.19, 3.52) (Table [S4](#SM0){ref-type="supplementary-material"}). Regardless of T3-4 and T1-2 stages, IC-CRT was the most effective regimen for OS with respective P-scores of 89.0% and 90.8% (Table [S5](#SM0){ref-type="supplementary-material"}).

Comparison of Effectiveness in 10 Treatments after Distinguishing between 2D/3D RT and IMRT
-------------------------------------------------------------------------------------------

The network consisted of 27 trials and 7,940 patients. Among them, the QMH-95 study was a four-arm study. The Guangzhou 2006 and Guangzhou 2008 studies were also changed into four-arm studies to distinguish between 2D/3D RT and IMRT. Therefore, there were 10 treatments, seven of which with 2D/3D RT, namely RT alone, IC-RT, RT-AC, IC-RT-AC, CRT, IC-CRT, CRT-AC, and three treatments in IMRT, namely CRT in IMRT, IC-CRT in IMRT, and CRT-AC in IMRT. The network is represented in Figure [2](#F2){ref-type="fig"}.

The three treatments that had the highest effect on OS were IC-CRT in IMRT, CRT-AC, and CRT in IMRT with P-scores of 99.4%, 77.3%, and 70.7%, respectively. The three treatments that had the highest effect on PFS were IC-CRT in IMRT, CRT-AC in IMRT, and CRT-AC, with P-scores of 99.7%, 73.1%, and 71.6%, respectively. With respect to distant control, IC-CRT in IMRT was the most effective regimen with a P-score of 98.7% followed by IC-CRT and CRT-AC with P-scores of 75.7%, and 67.7%, respectively. The three best treatments for locoregional control were CRT-AC in IMRT, IC-RT-AC, and CRT-AC, with P-scores of 95.3%, 69.4%, and 66.0%, respectively (Table [3](#T3){ref-type="table"}). The HRs (95% CIs) based on the NMA for each pairwise comparison are presented in the Table [S6](#SM0){ref-type="supplementary-material"}.

We also conducted the comparison of CRT, IC-CRT, and CRT-AC between 2D/3D RT and IMRT. IC-CRT in IMRT was significantly superior to IC-CRT in 2D/3D RT in terms of the P-score and HR value for OS and PFS, whereas this remarkable advantage was not observed in CRT and CRT-AC between 2D/3D RT and IMRT (Table [S6](#SM0){ref-type="supplementary-material"}). The comparison of chemoradiotherapy regimens in the 2D/3D RT era was carried out, and the details are provided in Appendix S2.

Bayesian Network Analysis and Sensitivity Analysis
--------------------------------------------------

We re-analyzed the data using Bayesian network analysis. Both Bayesian and frequentist approaches provided similar results and the same ranking. Compared with CRT-AC and CRT treatments, IC-CRT was confirmed as the most effective regimen for OS, PFS, and DMFS, especially with IMRT (data not shown).

We confirmed the coherence between direct (Figure [3](#F3){ref-type="fig"}) and indirect comparisons for all end points; the node-splitting analysis indicated significant inconsistencies in these comparisons including IC-CRT vs. CRT-AC or IC-RT and IC-RT vs. RT for OS and PFS when not distinguishing between radiotherapy techniques. However, no significant inconsistencies were observed in all comparisons for OS and PFS after distinguishing between 2D/3D RT and IMRT.

With respect to DMFS, when not distinguishing between radiotherapy techniques, the node-splitting analysis indicated significant inconsistencies in these comparisons including IC-CRT vs. CRT or IC-RT, CRT vs. RT-AC, and IC-RT vs. RT. However, no significant inconsistencies were observed in all comparisons for LRRFS. After distinguishing between 2D/3D RT and IMRT, the significant inconsistency between CRT and RT-AC was only indicated for DMFS, whereas significant inconsistencies in these comparisons including CRT in IMRT vs. CRT-AC, CRT-AC in IMRT vs. CRT-AC, CRT-AC vs. RT were indicated by node-splitting analysis for LRRFS. We, therefore, conducted two sensitivity analyses for DMFS and LRRFS. First, after excluding study-QMH-95 for DMFS and study-QMH-95 and study-Guangzhou 2006 for LRRFS, the node-splitting analysis indicated no significant inconsistency in all comparisons; as well, all rankings remained consistent after all 10 treatments (data not shown).

The sensitivity analysis was planned after the exclusion of four trials; the HR values of Guangzhou-93 and Taiwan-93 studies were computed based on the published survival curves [@B40], [@B42]. The VUMCA-95 study was not published, and the adjusted HR value was chosen for the NPC-0501 study [@B41]. When not distinguishing between radiotherapy techniques (2D/3D RT or IMRT), CRT-AC was ranked first and was closely followed by IC-CRT for OS with P scores of 93.9% and 80.9%, respectively. However, IC-CRT was ranked first for PFS and DMFS with P-scores of 94.0% and 98.3%, respectively (Table [S7](#SM0){ref-type="supplementary-material"}). After distinguishing between 2D/3D RT and IMRT, IC-CRT in IMRT ranked first for OS, PFS, and DMFS with P-scores of 95.3%, 96.4%, and 97.2%, respectively (Table [S8](#SM0){ref-type="supplementary-material"}).

Another sensitivity analysis was planned after the exclusion of six trials (Japan-91, QMH-95, VUMCA-95, Guangzhou-2003, HeCOG, Italy-79) and was based on more rigorous inclusion criteria. Patients had stage III or IV, non-metastatic NPC according to the tumor node metastasis (TNM) classification system of the International Union Against Cancer and the American Joint Committee on Cancer (UICC/AJCC). Trials with early-stage patients were excluded if more than 10% of the participants had stage I/II cases. The regimens of chemotherapy had to be based on platinum agent. After distinguishing between 2D/3D RT and IMRT, IC-CRT in IMRT ranked first for OS, PFS, and DMFS with P-scores of 99.4%, 99.6%, and 96.9%, respectively (Table [S9](#SM0){ref-type="supplementary-material"}).

Discussion
==========

To the best of our knowledge, this network meta-analysis is the first to evaluate the relative effectiveness of various chemoradiotherapy regimens in IMRT and to investigate the difference in the survival benefit of the chemoradiotherapy regimens between IMRT and 2D/3D RT. The major findings of this network meta-analysis of chemoradiotherapy in NPC can be summarized as follows:

IC-CRT always ranked better than other treatments for OS, PFS, and DMFS in the IMRT era, although CRT-AC achieved the highest survival benefit compared with CRT, and IC-CRT for LRRFS. Also, after distinguishing between 2D/3D RT and IMRT, IC-CRT in IMRT maintained its first ranking for OS, PFS, and DMFS among the ten categories used in the meta-analysis. Overall, these results were consistent between end points and robust to sensitivity analyses.

Previously, an individual patient data network meta-analysis conducted the comparison of all treatments and concluded that the addition of AC to CRT achieved the highest survival benefit and consistent improvement for all end points [@B6]. These results are in agreement with those in 2D/3D RT in our current analysis. However, with the reports of recent clinical trials, the efficacy of IC-CRT improved rapidly and ranked best for OS, PFS, and DMFS. Comparison of CRT, IC-CRT, and CRT-AC between 2D/3D RT and IMRT showed a more significant improvement in the efficacy of IC-CRT in IMRT than that of IC-CRT in 2D/3D RT as well as with CRT and CRT-AC. There are several possible reasons for these results. First, the efficacy of IC-CRT in NPC was previously underestimated to a certain extent because the previous clinical trials investigating IC-CRT were either rare or mostly reported negative results for IC-CRT. These previous clinical trials had various deficiencies including 1) the induction regimens were not sufficient, 2) the trials were not adequately powered to detect survival differences, 3) the doses of cisplatin were lower in the induction chemotherapy plus concurrent chemoradiotherapy group than in the concurrent chemoradiotherapy alone group, and 4) induction chemoradiotherapy might only be of benefit in some high-risk patients [@B45]. Avoiding these problems, recent clinical trials for IC-CRT reported positive results significantly improving the status of IC-CRT. Second, the real efficacy of CRT-AC compared with CRT and IC-CRT remained ambiguous because previous studies mostly compared CRT-AC and RT alone rather than a direct comparison of CRT-AC with CRT and IC-CRT, except for two trials. The first one conducted by Chen and colleagues was a randomized phase III study comparing three cycles of adjuvant cisplatin and fluorouracil followed by CRT with CRT alone. AC did not significantly improve OS, PFS, and DMFS during a long follow-up (median, 5.7 years) [@B36], [@B38]. In the second trial, NPC-0501, Lee and colleagues reported that unadjusted comparisons of induced cisplatin and capecitabine versus adjuvant cisplatin and fluorouracil resulted in a favorable benefit in PFS (P = 0.045) for the conventional fractionation and multivariate analysis, reflecting a significant reduction in the hazards of disease progression (HR: 0.54; 95% CI: 0.36-0.80) and death (HR: 0.42; 95%CI: 0.25-0.70). Unadjusted comparisons of induction sequences versus adjuvant sequences indicated a favorable trend in PFS (P = 0.070) [@B41]. Therefore, according to these results of the direct comparison between CRT-AC and CRT/IC-CRT, CRT-AC did not show a significant survival benefit.

It is widely accepted that locoregional control has substantially improved in NPC with concurrent CRT treatment, and distant metastasis is now the main source of treatment failure in loco-regionally advanced NPC. Therefore, induction chemotherapy followed by concurrent chemoradiotherapy should be theoretically the most appropriate regimens, since previous systematic studies and current analysis all demonstrated that the addition of induction chemotherapy to concurrent chemoradiotherapy achieved the highest effect on distant control [@B6], [@B47], [@B48]. Induction chemotherapy is relatively safe, and treatment of advanced-stage NPC patients with IC is well tolerated and has long-term efficacy in clinical practice. Also, the early use of cytotoxic drug combinations at full doses would theoretically be more effective for the eradication of potent micrometastases. Furthermore, downstaging of the primary tumor could help achieve better coverage of the gross tumor and be translated into improved loco-regional control [@B49]. Recently, Liu and colleagues conducted a prospective cohort study to evaluate the prognostic value of the restaging system after induction chemotherapy in patients with advanced-stage NPC. The study demonstrated that there were downstaging effects of induction chemotherapy in patients with stage N2-N3 disease; the PFS rate of patients from stage N2-N3 to N0-N1 disease increased by nearly 17%, and these patients had survival that was equivalent to that of patients with stage N0-N1 disease before induction chemotherapy. Furthermore, these down-staged patients had a reduced risk of distant metastasis and disease progression [@B50]. By contrast, it was obvious that the acute toxic effects during concurrent chemoradiotherapy significantly decreased patient compliance and tolerance to adjuvant chemotherapy [@B36]. Also, a previous IPD network meta-analysis demonstrated that CRT-AC and RT-AC were the most toxic regimens for neutropenia and weight loss [@B6]. Therefore, further improvement in survival benefit might be inevitably hampered by the suboptimum dose intensity and poor patient condition following adjuvant chemotherapy. In terms of the distant control, adjuvant chemotherapy with cisplatin and fluorouracil perhaps benefits only those with a lower distant tumor burden. From the seven trials comparing CRT-AC with other regimens, three trials that excluded T3-4N0 or T3-4N0-1 did not show any improvement in distant control [@B27], [@B29], [@B36], whereas the trials that included patients staged in T3-4N0-1 showed benefit in distant control [@B23], [@B28], [@B30], [@B33]. Interestingly, in the current analysis, we found that there was a beneficial trend in IC-CRT compared with CRT-AC in N2-3 (HR: 0.44, 95% CI: 0.18-1.07) but not in N0-1 patients (HR: 0.81, 95% CI: 0.19-3.52) for OS. However, due to the limitations of relatively few studies and a smaller sample size, further work is necessary to validate these results. Recently, a prospective study was reported at the American Society of Clinical Oncology (ASCO) 2017 meeting by Chan et al. (J Clin Oncol 35, 2017, suppl; Abstr 6002). The authors conducted a biomarker-driven RCT using post-RT EBV DNA to select high risk NPC patients for adjuvant chemotherapy. They also reported that adjuvant chemotherapy with cisplatin-gemcitabine could not improve OS and DMFS in the high-risk NPC patients with residual EBV DNA after curative RT/CRT.

We believe that our meta-analysis represents the most up-to-date study using high-quality data and updated follow-up, especially including data in IMRT, multiple standardized secondary end points such as DMFS/LRRFS, and the rigorous methodology, which are major strengths of our work. However, there are a few limitations of the present work. First, primarily, patients with stage I, II disease or WHO grade I histology with different chemotherapy regimens were included. It is unlikely that the inclusion of these patients would make a difference as no interaction was observed between treatment effects on OS and choice of the chemotherapy drug (P~interaction~ = 0.36), patient stage (P~interaction~ = 0.66), or tumor stage (P~interaction~ = 0.41) in the standard meta-analysis [@B5]. Also, when another sensitivity analysis was planned after the exclusion of six trials, based on the more rigorous inclusion criteria, among the 10 treatments, IC-CRT in IMRT ranked first for OS, PFS, and DMFS. Second, due to the lack of comprehensive and detailed toxicity data, toxicity was not compared between different regimens in this study. Third, some sub-comparisons were subdivided from raw data in clinical trials, which cannot really be considered clinical trials. Fourth, although we have performed a thorough search based on publications and clinical trial databases, publication bias cannot be completely ruled out.

Based on current clinical evidence, we believe that IC-CRT should be the most suitable regimen for loco-regionally advanced NPC in the IMRT era, as evidenced by the HR and rank, which almost always favored IC-CRT for OS, PFS, and DMFS. However, the status of CRT-AC in NPC cannot be overlooked. There is a critical need to explore a new combination of more tolerable drugs that might improve the efficacy of chemotherapy as an adjunct in advanced NPC.
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![**Graphical representation of the trial network for overall survival when not distinguishing between radiotherapy techniques.** The size of the nodes is proportional to the number of patients (pts) given in parenthesis in each treatment category. The width of the lines is proportional to the number of comparisons. The number of trials in each comparison is displayed next to each line. Six comparisons were counted for the QMH-95 trial (2 × 2 design) and two for the NPC-9902 trial. The statistical analysis considers the correlation structure in this design and does not give excessive weight to duplicated patients.](thnov07p4825g001){#F1}

![**Graphical representation of the trial network for overall survival after distinguishing between 2D/3D RT and IMRT.** The size of the nodes is proportional to the number of patients (pts) given in parenthesis in each treatment category. The width of the lines is proportional to the number of comparisons. The number of trials in each comparison is displayed next to each line. Six comparisons were counted for the QMH-95 trial (2 × 2 design) and two for the NPC-9902 trial. In addition, six comparisons were counted for the Guangzhou 2006 and Guangzhou 2008 trials to distinguish between 2D/3D RT and IMRT. The statistical analysis considers the correlation structure in this design and does not give excessive weight to duplicated patients.](thnov07p4825g002){#F2}

![**Forest plot for overall survival (on the left) and progression-free survival (on the right), showing results from direct comparisons.** HR \< 1 is in favor of the first treatment mentioned in the title (e.g., IC-CRT for the comparison IC-CRT vs. RT). Only comparisons involving two trials or more are presented here. IMRT^1^ suggests the radiotherapy technique of this regimen was intensity-modulated radiotherapy (IMRT); if not, the radiotherapy technique of this regimen was two-dimensional conventional radiotherapy (2D-CRT), or three-dimensional conformal radiotherapy (3D-CRT). The last two comparisons marked with (overall) suggested the radiotherapy techniques of treatments involved were not distinguished. IC: induction chemotherapy; AC: adjuvant chemotherapy; CRT: concurrent chemoradiotherapy; HR: hazard ratio; 95% CI: 95% confidence interval. The forest plot for distant metastasis-free survival and loco-regional relapse-free survival is presented in Figure [S2](#SM0){ref-type="supplementary-material"}.](thnov07p4825g003){#F3}

###### 

Summary of network meta-analysis results for the seven treatments when not distinguishing between radiotherapy techniques compared with RT alone, including four efficacy end points.

  ----------------------------------------------------------------------------------------------------
  Treatment Data                           OS             PFS            DMFS           LRRFS
  ---------------------------------------- -------------- -------------- -------------- --------------
  P value heterogeneity/inconsistency\     0.050          0.347          0.110          0.664
  (Q test P value)                                                                      

  P value heterogeneity (within design)    0.255          0.409          0.251          0.388

  P value inconsistency (between design)   0.024          0.296          0.089          0.924

  RT                                                                                    

  P-score, %                               18.2           4.7            14.7           1.7

  IC-RT                                                                                 

  HR (95% CI)                              0.78\          0.72\          0.61\          0.78\
                                           (0.64, 0.96)   (0.63, 0.83)   (0.49, 0.75)   (0.62, 0.99)

  P-score, %                               51.8           55.7           69.1           30.7

  RT-AC                                                                                 

  HR (95% CI)                              1.07\          0.84\          0.88\          0.64\
                                           (0.79, 1.44)   (0.63, 1.12)   (0.58, 1.35)   (0.38, 1.08)

  P-score, %                               12.6           30.6           28.2           60.2

  IC-RT-AC                                                                              

  HR (95% CI)                              0.95\          0.84\          1.06\          0.53\
                                           (0.6, 1.52)    (0.59, 1.2)    (0.66, 1.70)   (0.31, 0.89)

  P-score, %                               28.1           31.0           12.6           81.1

  CRT                                                                                   

  HR (95% CI)                              0.71\          0.73\          0.70\          0.77\
                                           (0.58, 0.86)   (0.64, 0.84)   (0.57, 0.85)   (0.59, 1.00)

  P-score, %                               69.2           51.8           49.8           33.5

  CRT-AC                                                                                

  HR (95% CI)                              0.69\          0.66\          0.58\          0.56\
                                           (0.58, 0.82)   (0.58, 0.75)   (0.48, 0.70)   (0.44, 0.72)

  P-score, %                               72.9           76.8           77.9           79.4

  IC-CRT                                                                                

  HR (95% CI)                              0.58\          0.55\          0.48\          0.64\
                                           (0.46, 0.73)   (0.47, 0.64)   (0.37, 0.61)   (0.48, 0.86)

  P-score, %                               97.3           99.4           97.7           63.4
  ----------------------------------------------------------------------------------------------------

IC: induction chemotherapy; AC: adjuvant chemotherapy; CRT: concurrent chemoradiotherapy; HR: hazard ratio; 95% CI: 95% confidence interval.

###### 

Summary of network meta-analysis results for CRT, IC-CRT, CRT-AC in the IMRT era, including four efficacy end points.

  -----------------------------------------------------------------------------------------------------
  Treatment Data                           OS             PFS            DMFS           LRRFS
  ---------------------------------------- -------------- -------------- -------------- ---------------
  P value heterogeneity/inconsistency\     0.360          0.342          0.559          0.761
  (Q test P value)                                                                      

  P value heterogeneity (within design)    0.246          0.224          0.559          0.761

  P value inconsistency (between design)   0.649          0.708          \-\-\-\-\--    \-\-\-\-\-\--

  CRT                                                                                   

  P-score, %                               32.5           13.6           26.9           4.5

  CRT-AC                                                                                

  P-score, %                               17.8           36.5           26.9           82.1

  IC-CRT                                                                                

  P-score, %                               99.7           99.9           96.2           63.4

  CRT-AC vs. CRT                                                                        

  HR (95% CI)                              1.08\          0.91\          1.03\          0.44\
                                           (0.73, 1.58)   (0.67, 1.24)   (0.54, 1.96)   (0.15, 1.28)

  IC-CRT vs. CRT                                                                        

  HR (95% CI)                              0.65\          0.63\          0.60\          0.61\
                                           (0.47, 0.91)   (0.49, 0.80)   (0.42, 0.85)   (0.38, 1.00)

  IC-CRT vs. CRT-AC                                                                     

  HR (95% CI)                              0.61\          0.69\          0.58\          1.39\
                                           (0.45, 0.82)   (0.54, 0.88)   (0.28, 1.21)   (0.43, 4.49)
  -----------------------------------------------------------------------------------------------------

IC: induction chemotherapy; AC: adjuvant chemotherapy; CRT: concurrent chemoradiotherapy; HR: hazard ratio; 95% CI: 95% confidence interval.

###### 

Summary of network meta-analysis results for the 10 treatments after distinguishing between 2D/3D RT and IMRT compared with RT alone, and the four efficacy end points in both 2D/3D RT and IMRT.

  ----------------------------------------------------------------------------------------------------
  Treatment Data                           OS             PFS            DMFS           LRRFS
  ---------------------------------------- -------------- -------------- -------------- --------------
  P value heterogeneity/inconsistency\     0.401          0.618          0.118          0.540
  (Q test P value)                                                                      

  P value heterogeneity (within design)    0.196          0.299          0.198          0.355

  P value inconsistency (between design)   0.764          0.894          0.161          0.677

  RT                                                                                    

  P-score, %                               12.1           2.7            9.7            5.1

  IC-RT                                                                                 

  HR (95% CI)                              0.88\          0.77\          0.63\          0.79\
                                           (0.74, 1.03)   (0.67, 0.89)   (0.51, 0.79)   (0.62, 1.01)

  P-score, %                               30.2           31.4           50.7           26.7

  RT-AC                                                                                 

  HR (95% CI)                              1.06\          0.83\          0.88\          0.63\
                                           (0.83, 1.36)   (0.62, 1.11)   (0.58, 1.34)   (0.39, 1.02)

  P-score, %                               8.5            25.0           21.1           55.9

  IC-RT-AC                                                                              

  HR (95% CI)                              0.89\          0.82\          1.05\          0.73\
                                           (0.59, 1.33)   (0.57, 1.16)   (0.65, 1.67)   (0.19, 2.73)

  P-score, %                               31.4           28.8           9.8            69.4

  CRT                                                                                   

  HR (95% CI)                              0.73\          0.71\          0.69\          0.71\
                                           (0.62, 0.86)   (0.61, 0.83)   (0.56, 0.85)   (0.55, 0.93)

  P-score, %                               58.9           47.5           39.5           47.1

  CRT in IMRT^1^                                                                        

  HR (95% CI)                              0.66\          0.69\          0.56\          0.91\
                                           (0.45, 0.96)   (0.51, 0.92)   (0.38, 0.84)   (0.51, 1.63)

  P-score, %                               70.7           54.2           65.2           20.1

  CRT-AC                                                                                

  HR (95% CI)                              0.65\          0.63\          0.56\          0.57\
                                           (0.56, 0.75)   (0.55, 0.73)   (0.46, 0.68)   (0.45, 0.74)

  P-score, %                               77.3           71.6           67.7           66.0

  CRT-AC in IMRT^1^                                                                     

  HR (95% CI)                              0.71\          0.61\          0.58\          0.28\
                                           (0.47, 1.06)   (0.43, 0.85)   (0.34, 0.98)   (0.13, 0.61)

  P-score, %                               60.2           73.1           61.9           95.3

  IC-CRT                                                                                

  HR (95% CI)                              0.77\          0.65\          0.52\          0.66\
                                           (0.62, 0.96)   (0.54, 0.79)   (0.39, 0.7)    (0.49, 0.9)

  P-score, %                               51.3           66.1           75.7           51.3

  IC-CRT in IMRT^1^                                                                     

  HR (95% CI)                              0.44\          0.43\          0.34\          0.74\
                                           (0.30, 0.65)   (0.31, 0.59)   (0.21, 0.54)   (0.28, 1.94)

  P-score, %                               99.4           99.7           98.7           63.1
  ----------------------------------------------------------------------------------------------------

Note: IMRT^1^ suggests the radiotherapy technique of this regimen was intensity-modulated radiotherapy (IMRT); if not, the radiotherapy technique of this regimen was two-dimensional conventional radiotherapy (2D-CRT), or three-dimensional conformal radiotherapy (3D-CRT).

IC: induction chemotherapy; AC: adjuvant chemotherapy; CRT: concurrent chemoradiotherapy; HR: hazard ratio; 95% CI: 95% confidence interval
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